Many university lecturers are encouraged to implement innovative teaching tools and methodologies such as clickers in order to create an interactive learning environment and improve student learning, but its performance must be evaluated. The aim of this paper is to test empirically the impact of the use of clickers on students' learning processes. The teaching experience applied to the subject of Financial Accounting is specifically described. The total sample size is 77 students from a Business Administration and Economics Degree, taught in English and in Spanish. The analysis, using multivariate techniques, of the questionnaire responses, students' grades and a reflexive experience of the lecturer conclude that learning with clickers is effective. There is a positive relationship between grades and intrinsic motivation through clickers. Consequently, the students' marks are related to its intrinsic motivation, feedback to understanding, students' discussion and its negative aspects but not gender nor age.
Introduction
Social, economic, cultural and technological changes are transforming the professional requirements demanded to current university students. Being ready for a professional career nowadays includes knowing how to use technology, working in teams, communicating in English as a lingua franca of business and mastering the required expertise for each profession (Tynjälä, 1999) as well as being prepared to work in a continuously changing environment. The Knowledge Society demands a powerful learning atmosphere in universities with the purpose of developing an educational environment where students are the focus of learning and instructors are facilitators of this process (Dochy, Segers, Van Den Bossche, & Struyven, 2005) . That process results from applying active learning methodologies according to the constructivist theory developed by Vygotsky (1962) .
At the present time, university learners are digital natives as they have grown up with computers and the Internet, so they have a natural aptitude and high skill levels when using new technologies (Jones, Ramanau, Cross, & Healing, 2010) . Hence, the learning process and its implication are not the same for digital natives as for digital immigrants that were born before 1980 and that have, therefore, learned how to use technologies later in their life (Nedbal, Auinger, Hochmeier, & Holzinger, 2012) . Indeed, there is a positive influence of technology on the teaching-learning process (Brill & Galloway, 2007) and, in consequence, many university lecturers use non-traditional technologies in teaching. One interesting teaching tool is clickers, 1 which broadly speaking, are small handheld units (one per student) like a TV remote control with keys to press the correct answer to proposed multiple-choice questions. Also needed are a receiver and the specific software to manage the process of questions and answers. The traditional question/answer procedure in class with the participation of just one or two students is moving to an all-students participating scenario. This stimulates interactivity in class and instant feedback for both students and instructors (for a deep and recent review of clickers, see Keough, 2012) . Certainly, feedback operates as a strong source of motivation essential in learning (Cloes, Premuzak, & Pieron, 1993; Koka & Hein, 2003) . However, "more empirical studies are needed to examine the effectiveness of using technological innovations such as clickers in enhancing student learning" (Oigara & Keengwe, 2013, p. 16) .
There are four learning principles that have been identified as valid concepts to promote effective learning in the classroom: active learning, providing feedback, increasing attention span and motivation (Beatty, 2004; Nelson & Hauck, 2008) . But, according to Lepine, Lepine, and Jackson (2004) , Holzinger, Kickmeier-Rust, Wassertheurer, and Hessinger (2009) and our experience as lecturers, the basis for student learning is his/her motivation. The self-determination theory (Deci & Ryan, 1985) determines two types of motivation: intrinsic motivation, which refers to doing something because there is an internal interest in itself, and extrinsic motivation, which refers to doing something because it leads to an external reward (Ryan & Deci, 2000) . The present study focus on intrinsic motivation towards clickers as it has emerged as an important phenomena for educators, a natural wellspring of learning and achievement (Ryan & Stiller, 1991) .
Bearing all these things in mind, the objective of this paper is to show empirically the impact of using clickers in the lecture room as a strategy of active learning. Predicting and improving student perceptions of clickers may help to ensure positive outcomes (Trew & Nelsen, 2012) . Using a sample of Financial Accounting (FA) students, the main contribution of this paper is the validation of clickers as a teaching technology to improve students' learning environment and outcomes. Additionally, to the best of our knowledge, we are the first to use an Intrinsic Motivation Inventory (IMI) to test whether the use of clickers has a positive impact on students' learning environment and outcomes.
Background: clickers as a teaching tool Based on a social constructivist view of learning, this study assumes that subject knowledge and its understanding are significantly enhanced through human interaction (Brown, Collins, & Duguid, 1989; Driscoll, 2005; Van de Pol, Volman, & Beishuizen, 2011; Vygotsky, 1978) . Students' knowledge levels cannot be selected by lecturers, so instructors must confront the issue of actively engaging students and sustaining their interest throughout a semester or a year, problem that is exacerbated by the fact that the new generation of university students are digital learners (Robinson & Ritzko, 2006) . Moreover, since students have the whole semester's presentations and exercises at their disposal, the use of a virtual learning environment platform in higher education is seen by some of them as an e-teacher and classroom attendance may decrease (Camacho-Miñano, 2012) .
In general, instructors have to use different strategies to encourage students' attendance and increase active participation and engagement.
Clickers have received considerable attention in the educational literature since 1985. There are several papers reviewing the literature on the use of clickers, e.g. Caldwell (2007) , Fies and Marshall (2006) , Kay and LeSage (2009), Lantz (2010) or Keough (2012) . Recently, several papers about the benefits and failures of clicker implementation in university classrooms have been published (Bachman & Bachman, 2011; Blood & Neel, 2008; Trees & Jackson, 2007; White, Delaney, Syncox, Akerberg, & Alters, 2011) . However, implementation results about better grades or more learning motivation are not conclusive, so it is not clear what the factors are that condition the validity of clickers on the two main pillars of learning: outcomes and learning environment. This latter learning pillar is linked with students' perceptions. There are studies that corroborate a more effective learning process if students enjoy themselves when they are learning (Beekes, 2006; Eastman, Iyer, & Eastman, 2011) . In addition, students' perceptions of a good teaching environment and technology influence them towards long-life learning (Beckert, Fauth, & Olsen, 2009; Lizzio, Wilson, & Simons, 2002) . For current students, an interactive learning environment is also important, otherwise they could feel bored (Barnes, Marateo, & Ferris, 2007) and this could affect negatively their learning process (Baker, D'Mello, Rodrigo, & Graesser, 2010) . Hence, it is interesting to know students' perceptions about clickers. To explore it, our first research question is:
RQ1: What are the most relevant aspects of clickers for university students? Clickers are, broadly speaking, an easy and quick assessment tool for many lecturers (Vila Martin et al., 2011) although there are other interesting benefits, such as improving the classroom environment or increasing participation . Nevertheless, there are also different problems or challenges in their use (Trees & Jackson, 2007) so instructors should analyse the use of this tool in class according to an appropriate learning activity environment . Therefore, the research question here is:
RQ2: Do students perceive themselves as having a better learning and engagement to the subject through clickers? Another interesting point is whether different discipline and/or language of instruction may condition students' perceptions about clickers. Previous literature shows that students have different outcomes with English as a medium of instruction (EMI) (Camacho-Miñano, Dafouz, & Urquía, 2012) as well as with different disciplines (Bridges et al., 2002) . Our sample has students taught in Spanish or in English and also students enrolled in FA coming from two different degrees (Business Administration and Economics). Therefore other research questions are:
RQ3a: Is there any difference in the students' perceptions about clickers based on the language of instruction?
RQ3b: Is there any difference in the students' perceptions about clickers based on the pursued degree?
Clickers have been incorporated into a standard lecture course to motivate students to learn, to increase the students-instructor interaction, to facilitate the understanding of theoretical concepts and to use them as part of a more radical change in the teaching style towards an active learning. As mentioned before, since intrinsic motivation results in high-quality learning, "it is especially important to detail the factors and forces that engender rather than undermine it" (Ryan & Deci, 2000, p. 55) . Our question is whether the students that have more intrinsic motivation to use clickers have more options to pass the subject because they can gain benefit from them. In consequence, the next research question is:
RQ4: Is there any relationship between the intrinsic motivation of using clickers and passing the subject?
The use of clickers should improve students' academic outcomes. However, the literature review on this topic shows that the results are inconclusive. Some studies have shown a positive effect of clickers' use on examinations (Gauci, Dantas, Williams, & Kemm, 2009; Majerich, Stull, Varnum, Gilles, & Ducette, 2011; Morling, McAuliffe, Cohen, & DiLorenzo, 2008) , while others have failed to show a significant difference (Addison, Wright, & Milner, 2009; Bojinova & Oigara, 2011) , and there are also mixed-result studies (Crossgrove & Curran, 2008; FitzPatrick, Finn, & Campisi, 2011) . This may be due to other factors (academic background, gender, self-efficacy … ) that influence academic results (McKenzie & Schweitzer, 2001) . So the last research question is:
RQ5: What factors could explain the grades of students that use clickers in class? Indeed, the recent reviews about clickers (such as Keough, 2012; Lantz, 2010) do not comprise any empirical study about intrinsic motivation of clickers and learning/engagement students' perceptions. This paper aims to fill in this gap.
The study Setting
The sample used in this study is from the Complutense University of Madrid (UCM), the largest university in Spain. FA is a common subject to the first year of the Business Administration (BBA) and the Economics (BE) degrees. FA lectures were held twice a week for a duration of 1 hour and 50 minutes. The course lasted 14 weeks and there were 7 chapters in the syllabus. Students were instructed on how to use the clickers the first day of the course, in line with the Trees and Jackson (2007) concept of culture of the classroom environment. Some routine questions were posed to check if students understood the learning device handling. Then clickers were used throughout all the theoretical parts of the semester to answer multiple-choice questions presented during lectures with the use of PowerPoint. Depending on the nature of each chapter, there could be between 10 and 41 questions per chapter with a total of near 150 for the entire course. 2 In order to avoid pressure and fear of embarrassment while students were learning new concepts, the instructor explained that there was no assessment purpose in using clickers so the setting used was without data capture. 3 All questions were multiple-choice with four possible answers but only one correct one and they were built and programmed by the instructor. In addition to the question and the possible answers, each slide had a chart at the bottom with the following information ( Figure 1 ):
. Several small squares with a number (each one linked with a remote control) as many as students attending the lecture the day of each presentation. When the student chose the answer, the square with the associated number of his/her remote control changed colour. . On the right, there was information about the number of students that had already voted, the time left and already used and another small square with the option to stop or to continue the "voting process." . So when the "voting process" finished, the squares with the numbers representing each student disappeared and the aggregate results of the students' answers appeared.
Questions were embedded into slides displayed on a projection screen without a fixed sequence. When each quiz appeared, students were given between 40 and 50 seconds to read and answer it. Once the time was up, the instructor read the question aloud and, sometimes, one student was challenged to explain the right answer. Other times, interesting peerto-peer or lecturer-to-student debates took place in class in order to clarify the correct answer. Proportionally to the number of right and wrong answers out of the number of votes, several red horizontal bars are shown (one for each wrong answer) and only one in green for the correct one. Hence students receive almost instant feedback about their understanding of new theoretical concepts and the real implementation of those concepts in specific business. 4 Moreover, as accounting knowledge is accumulative, that is, the former basic concepts are used to build the next one, this quick feedback is also essential for the lecturer because if more than 50% of the class answered the question incorrectly, she spent more time explaining the concept again.
Sample
Around 700 students were enrolled in FA distributed in eight sections belonging to the BBA and seven to the BE, among which two are taught in English, one for each degree. The sample is a convenience sample formed by the students of 3 groups, out of those 17, taught by the same lecturer, using the same methodology and clickers system, to avoid lecturer bias. Specifically, there are two belonging to BBA (one of them in English) and one belonging to the BE.
The sample size is 77 students, out of the 115 enrolled in FA present in class the day the survey was carried out. Twenty-eight students (35.9% of the total sample) belonged to the BBA taught in Spanish, 22 students (28.2%) were from the same degree course but taught in English and 27 students (34.6%) were from the BE taught in Spanish as well. Forty-one per cent of the total sample was male and the mean age was 19.21 years old (range: 18-22). In total, 70.1% of the students were enrolled within their age group, that is, they were not students repeating a year. Additionally, none of the students involved in the study had prior experience with clicker technology. One interesting characteristic of the sample is that there is the same self-reported percentage of students that failed the middle-term exam (closed-book and time pressure) as students that passed it (34.7%), as Figure 2 shows, according to their self-recording grade. 5 The other 30.6% of the total sample passed with honours. Absolute frequencies of "pass" and "pass with honours" for the real middle-term exam marks are practically equal, while for those who failed only 26 out of the original 84 were in class the day the survey was done. The authors assume those are dropouts.
Data gathering
An "ad hoc" pen and paper survey of 33 items was divided into four sections, as follows. The first section requested demographic data (gender, age and group) and the grade for the middle-term exam of the subject. Because anonymity is one of the strengths of surveys (Powell, 2003) , the previously mentioned middle-term exam grade was self-reported in spite of the possibility of its being misleading.
The second section of the questionnaire had two questions about positive and negative aspects of clickers following Doucet, Vrins, and Harvey (2009) . There are five possible answers but only one option is permitted.
The third section of the questionnaire was about clickers' classroom experiences as we wanted to test whether students learn more and are more engaged with the subject through clickers. Using a five-point Likert-type scale, five sentences for "learning items" assessed students' perceptions and behaviours related to their learning processes, and six sentences for "engagement items" assessed student' perceptions and reported behaviours regarding active involvement in the class (Trees & Jackson, 2007) .
Related to the students' intrinsic motivation to use clickers as a learning tool, the last section of the questionnaire was the IMI tested in several experiments, for example, Deci, Eghrari, Patrick, and Leone (1994) , Ryan (1982) or Tsigilis and Theodosiou (2003) . It has six subscales although the interest/enjoyment subscale is considered the self-report measure of intrinsic motivation, and thus the only subscale that assesses intrinsic motivation per se. Moreover, a pressure/tension subscale is used in order to analyse a negative predictor of intrinsic motivation. So only the 12 items of interest/ enjoyment and pressure/tension version were used in this study about students' clicker motivation. All the sentences should be marked from 1 (not at all true) to 7 (very true). The survey 6 was administered during class on the last day of the semester and closed in an envelope until the end of the academic year in order to avoid pressure in the answers due to the final exam grades. Previously, the instructor explained the objective of the research and the procedure. The survey was anonymous and none of the students in class refused to answer the questionnaire.
Methodology
Apart from using descriptive statistics and correlation coefficients, multivariate tests were used. There are many non-parametric approaches available for statistical inference such as chi-squared test, Mann-Whitney test, Wilcoxon signed-rank test or Kruskal-Wallis test (see Cohen, Manion, & Morrison, 2000) , which can determine if the samples may be considered identical or not on the basis of their ranks. We decided to analyse responses across the groups of respondents using the Mann-Whitney test at 0.05 significance-level. This model provides the same type of results as an analysis of variance, but based on the ranks and not the means of the responses.
Finally, we estimated a multinomial logit model on the first FA mark. The multinomial logit model is a generalisation of the logit model when the response variable has more than two categories (fail, pass and pass with honours, in our case). This method is very useful to understand, or to predict, the effect of a series of variables on a qualitative response variable which can take more than two values, in our case the first FA mark.
Results and discussion
The most relevant positive and negative aspects of clickers have been tested in order to answer the first research question. In total, 48.7% of students consider positively the fact that with clickers they are able to self-evaluate their knowledge of the subject and 23.1% the fact that clickers help them understand accounting concepts (in bold in Table 1 ). So, more than two-thirds of the students consider that the most positive aspect of clickers is directly related to the comprehension of the subject concepts. These environmental learning perceptions play an important role in its effectiveness (García-Ros & Pérez-González, 2011; Trew & Nelsen, 2012) . However, when asked about the negative aspects of the tool, most students thought that they need to be complemented with more explanations than the lecturer made during its use (in bold in Table 1 ), although it should be pointed out that more than 16% of students did not consider that the use of clickers in class had any negative aspect. This result differs from Doucet et al. (2009) and it may be related to students' complaints about not having the clicker questions and correct answers uploaded in the virtual platform as they also have chapter slides, exercises, solutions, etc.
In relation to the second research question, students perceive clickers as a help to learn the subject and get feedback. The most important result (Table 2) is that clickers helped them learn the subject because students are interested in answering correctly and also in learning from the answer solutions (L5). This interaction is essential in a learning environment today (Brna & Lucking, 2008) .
The learning item means (L1-L5) are higher than Trees and Jackson (2007)'s paper (3.76; SD = 0.95) reflecting a more positive perception of clickers as they are a good motivator for learning (Addison et al., 2009; Beekes, 2006; Oigara & Keengwe, 2013) . Engagement in class is also measured (E1-E6) and, although our results are lower than Trees and Jackson (2007)'s paper (3.28; SD = 0.82). This may have been caused by the immaturity or lesser university experience of our freshmen sample. Research question 3a is about the differences in students' perceptions based on the language of instruction while question 3b considers the differences based on the pursued degree. In the case of language of instruction, as there are only two groups (EMI vs. non-EMI) results for the Mann-Whitney test were obtained for each of the survey questions on learning and engagement individually (Table 3 ) and for the total of the interest/enjoyment and pressure items. The p-values turn out to be significant (smaller than 0.05) only for learning item L1 and engagement item E5. Hence, we cannot reject the null hypothesis of the medians being equal across the groups for all the questions, except L1 and E5, and conclude that the groups are not identical populations at 0.05 significance-level. This means that, in fact, there are some slight significant differences in the perceptions of students based on the language of instruction (English or Spanish), in line with Camacho-Miñano, Dafouz, and Urquía (2012) .
In the case of the pursued degree, there are only two groups (BBA or BE) so the MannWhitney test was also used on all the items. As the computed p-value is greater than the significance level alpha = 0.05 (Table 4 ) for all the items except for Pressure, E1 and E5, one cannot reject the null hypothesis of the medians being equal across the groups for all the items, and conclude that the groups are identical populations at 0.05 significancelevel, except for Pressure, E1 and E5. In all these three cases, mean values for BBA are higher than those for BE. These differences might have originated in the different role of the subject in both degrees: core subject in BBA while only tangential in BE. Different discipline perceptions are in line with Bridges et al. (2002) .
The fourth research question is about the intrinsic motivation of using clickers for firstyear accounting students. As presented in the literature, this kind of student has particular characteristics as "the first year is a crucial stage in the process of socialisation into the undergraduate role and the highly sensitive touchstone for the quality of the student experience" (Reason, Terenzini, & Domingo, 2006) . So it is interesting to analyse their intrinsic motivation to use clickers.
The first result of students' perceptions is that they are very motivated towards their using clickers as the mean interest of clickers is 5.16 out of 7 (Table 5 ). This is an interesting result in itself because enjoyment in using clickers is in line with pedagogical theories in order to effectively teach and learn (Blunsdon, Reed, McNeil, & McEachern, 2003; Ebner & Holzinger, 2007) . Another important issue to take into account regarding the implementation of clickers is the pressure on students (Kay & LeSage, 2009; Lin, Liu, & Chu, 2011; MacArthur & Jones, 2008) . In particular, some of the criticisms of clickers are related to the stress of using them in class, even if the students are not given marks, as they need to understand new concepts and participate in the class debates. However, in our study, students' pressure with clickers is not significant because the mean is 2.07 out of 7, with a standard deviation below 1 (Table 5) . Our results are in line with previous literature (Latessa & Mouw, 2005; Plant, 2007) .
In addition, if we link the interest or enjoyment of clickers with student grades, those students who failed the first FA exam had less fun although, curiously, they are also the ones less pressured when using them (Table 6 ). This could be because they have less to "lose" due to their fewer hours of study. Indeed, students who passed do have a better perception of clickers than those who failed (5.324 vs. 4.890 , respectively, out of 7) because they are motivated. This difference is significant (Table 8) . On the contrary, they feel more pressured than students who failed (2.167 and 1.769, respectively) , although this difference is not significant (Table 8) .
In relation to research question 5, seeking the relationship between variables (Table 7) , there is a significant positive correlation between interest/enjoyment and engaging items E1 and E2, which are related to engagement in class and active participation. Another relation between variables is the fact that clickers helped students to know how well they were learning the material (L2), is significantly correlated to feedback (L1) and is highly correlated to the fact that they were helpful for preparing students for the exams in class (L3). Also engagement (E1) is significantly positively correlated to active participation (E2) and the experience being similar to that of a small class (E3). Finally, the last (E3) is significantly statistically correlated to the use of clickers in class that made students feel less anonymous (E4).
We also want to test whether there are differences in perception towards clickers based on the grades of the students. Results for the Mann-Whitney test were obtained for each of the survey questions on learning and engagement individually and for the total of the interest/enjoyment and pressure items (Table 8 ). The p-values turn out to be significant (smaller than 0.05) for only learning item L1 and engagement items E1, E2 and E5. Hence we cannot reject the null hypothesis of the medians being equal across the groups for all the questions, except L1, E1, E2 and E5, and conclude that there are some differences in clicker perception depending on the student grades. Therefore, intrinsic motivation to clickers, engagement, feedback, participation and discussion are the key to pass the subject. A multinomial logit model is used to model the relationships between the independent variables and the dependent variable "first FA mark." Parameters are obtained for each category of the dependent variable (except the reference category which in our case is category 0, Fail). Details on the model are shown in Table 9 .
There are several indicators that measure the total deviation of the response values from their fit. All three pseudo R 2 values, McFadden (0.448), Cox and Snell (0.624) and Nagelkerke (0.703) are highly satisfactory. But the most important value is the probability of the Chi-square test on the log ratio (Chi-square = 59.701, p-value = 0.002). In this case, as the probability is lower than 0.01, we can conclude that significant information is provided by the variables. By looking at the probability of the Chi-squares on the independent variables, we see that the variables that most influence the dependent variable for both categories (1 = pass and 2 = pass with honours) are "interest/enjoyment," "pressure," L1, E5 and negative aspects of clickers, and E1, which influences only Category 2. The intercepts are significant but age and gender are not, so neither of them influences the first FA mark. Therefore, students that passed the subject (either with or without honours) are greatly influenced by the intrinsic motivation to clickers, along with feedback and discussion provoked by clickers (L1 and E5).
In addition, students with high approval ratings are more engaged in lectures through clickers (E1) than those who report lowest performance categories in line with Addison et al. (2009) . Odds ratios (sometimes also referred as relative risks) are also given, as they are another way of interpreting the results. They are ratios of the probability of belonging to one category over the probability of belonging to the reference category. For example, for one unit change in the variable Pressure, we expect the relative risk of belonging to Category 1 (Pass) over 0 (Fail) to increase by 16.523.
Conclusions
The objective of this research was to show empirical evidence of the use of clickers towards students' process of learning. Students perceive that clickers help them to learn, to get feedback and to understand the theoretical questions of the subject. And this is a basic issue in accounting, as there are some terms that have different meanings depending on whether they are used in everyday life or in accounting jargon (Moreno Alemany, 2008 ). However, instructors should realise the negative student perceptions and enhance explanations. Clickers are a good learning tool for university students because the system improves classroom dynamics so they are more motivated and engaged to learn. Therefore, learning with clickers is effective, regardless of the language of instruction and the pursued degree. The most significant perception of freshmen students is that they enjoy clickers while they learn accounting. Moreover, there is a close relationship between intrinsic motivation to clickers and grades. Finally, there are several factors, such as intrinsic motivation, feedback to understand, students' discussion and negative aspects of clickers that influence the final mark for those students using clickers, but neither gender nor age is one of them. Hence lecturers could stimulate student enjoyment by using clickers, while fostering learning, and as a consequence the students' academic outcomes are improved. We believe clickers are a way to align students' interests as digital natives with an easy motivator and interactive tool.
However, there are limitations to consider in interpreting our findings. First, the sample size posed some challenges when interpreting data and the data presented in this study are all self-reported. Tracking the same students over time and assessing factor structure and interrelationships from a longitudinal perspective would shed further light on the developmental processes relevant to motivation. Second, the nature of quantitative survey-based methods is also limited. Future research might encompass qualitative work that can fully reveal the detailed nature and extent of motivation over the academic life span. In addition, we will try to improve the teaching methodology by implementing, for example, the peer instruction (Mazur, 1997) or the Dufresne sequence for classroom communication
